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5.1 Ml 0lLdXI2 (Bioenergetics)
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5.1 A 0lH XIZ (Bioenergetics
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A 0lUX &, 88 =&: ATP

. DOILIXI Q1A 28, Mg2+Qt S8HH & A

ATP + H,0 < ADP + Pi, AGe = 7.3 kcal/mol
ADP + H,0 < AMP + Pi, AGe = -7.3 kcal/mol

. GTP, UTP, CTP: ATP SAH, DOILIX| QI AH2 &t

Compound GY kJ/mol

CH,=G—C00" hikig N High energy

O High energy Low energy N)t \ Phosphoenolpyruvate =51.6
{ —— .

0-p-0- anhydride bonds Sierbend lKN/ N> 1,3-Bisphosphoglycerate| -52.0
o) <|3> o e / 5 Acetyl phosphate —44.8
Phosphoenolpyruvate O —II:I)NO— E’NO—E’—O—CH ATP -31.8
O 0 ADP -31.8

OH OH Low energy
o AMP =14.2
Adenosine triphosphate (ATP) Glucose 6-phosphat e -13.8
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Adenine

Phosphate ‘.
groups )
Hydrolysis
3 . ®-® + ® + Energy

: : Adenosine diphosphate
Adenosine triphosphate (ADP)

A" Reactants Products

7 Iﬁ} o

ATP

of molecules

Potential energy
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NAD* (Nicotinamide Adenine Dinucleotide)
NAD* + 2H* + 2e~ < NADH + H* (0IL K| A& 0| AI)
NADP* + 2H* + 2e~ < NADPH + H* (M&tA X0 AFZ)
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NADH TH &
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Dehydrogenase
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Catabolism: 3 steps

" High-energy electrons k |

carried by NADH
'NADH and
FADH,
GLYCOLYSIS y e
Glucose _ . . Pyruvic 'KREBS ELECTRON
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oA (Glycolysis)

2 ADP 2 ATP
+2<>
Glucose /-\ | Pyruvic

acid
2 NAD* 2 NADH

+2 H?
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oA (Glycolysis)

2 NAD* ENERGY PAYOFF PHASE
Q-0-0-0-00 Glucose (5]
ATP PREPARATORY 2 NADH 27
Seap PHASE .
. (1) (energy investment) 1,3-Diphosphoglyceric acid
7 2 ADP ‘ (2 molecules)
Glucose 6-phosphate . e (6]
N2
3-Phosphoglyceric acid
Fructose 6-phosphate © (2 molecules)
ATP
© (®)
ADP Q-Q-C 2-Phosphoglyceric acid
, o (2 molecules)
Fructose 1,6-diphosphate 2H,0 <«—
o /
; P
/ y Q-0-Q Phosphoenolpyruvic acid
Glyceraldehyde 2 ADP (2moiscules)
3-phosphate . ik (o]
(G3P) :

Q00 Pyruvic acid
(2 molecules
per glucose molecule)
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oA (Glycolysis)

. HH HEES
Glucose + 2ADP + 2NAD* + 2Pi — 2 Pyruvate + 2ATP + 2(NADH + H*)

l
. ATP 28 =ATP22/EZEY 18 2FADH,




NAD* NADH + H*

Q99 s 9@ CoA

Pyruvic Acetyl CoA
acid (acetyl coenzyme A)
OHJIi/.;P, Xl &F CHAROIA

Coenzyme A o ZS2A=2Z
CO
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Acetyl CoA
Q@-Q-CoA
N— CoA
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TCA 3=

@-0-CoA
Acetyl CoA
Ny CoA
Step @
0-0-0-0 2 carbons enter cycle
Oxaloacetic acid 0 . Acetyl CoA stokes
0 - the furnace.
\.“v«,,«
/ } \ Citric acid
NADH / e Steps @) and
+ H+ (":f ,’a p e e
N AD"‘D e % @CO, leaves cycle NADH, ATP, and CO,
i KREBS CYCLE } are generated during
, i NAD* S
Mm?d {]‘ }C redox reactions
eSS N ! NADH
\ ADP 7 + H* Steps o and e
+ /
FADH, 6 ATP ® /000 Redox reactions
> N\ \J _ Alpha-ketoglutaric generate FADH, and
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~ ® - NADH.
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NADH HAD
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TCA 3=

- MA BHS
Pyruvate + NAD* + CoA-SH — Acetyl CoA + CO, + NADH + H*
Acetyl CoA + 3NAD* + FAD + GDP + Pi + 2H,0O

— CoA + 3(NADH + H*) + FADH, + GTP + 2CO,
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NADH NAD* + H*

r.
hs
Port hai
In  Electron

flow 0,
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Protein
complex

Intermembrane Electron
space carrier

” b N

Inner
mitochondrial

O
membrane ol

S :
Electron |

flow NADH ~ NAD*

M ADP +
Mitochondrial o ® ATP

matrix
ELECTRON TRANSPORT CHAIN ATP SYNTHASE
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Carbon & Energy Balance

+ 57| CHAF, NADH + H*, FADH,, ATP M4 Q0 T 5.1

. WA B2

Glucose + 36Pi + 36ADP + 60, — 6CO, + 6H,0 + 36ATP
. ATPOI MI&E OIHX = 36 x 7.3 = 263 kcal/mol

. TDCG EF ASAI HS0IEX #3 = 686 kcal/mol

© BEZAGH NN 58 - 263/686 x 100 = 38%

« AN ZAHG HUHXI &2 = (36 x 11.3)/686 x 100 = 59%
AG = AGP 4R % T xln gp pduct = —7.3%108 cal/mol + (1.987 cal/mol-K)(320 K) In [(0.04)(0.02)/0.2]
et = —11.3 keal/mol

Assume the temperature in a particular cell is 320 K, the concentration of ATP is 0.4 mg/mL, the
concentration of ADP is 0.04 mg/mL, and the concentration of phosphate is 0.02 mg/mL
(ATP — ADP + phosphate).




Lactic Acid Fermentation
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Alcohol Fermentation
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Glycolysis
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Alcohol Fermentation

. 25 (fermentation)
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(b) Bread showing air bubbles
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